Abstract
Introduction
Since 2011, the incentive program "meaningful use" (MU) of IT encouraged the adoption of clinical practices to use better IT such as providing quality patient care, service providers, and patients communication, shortening service gaps. The MU program is meant for those clinical practices offered to Medicare and Medicaid patients. When the MU program rolled into its third stage 2015 to 2017, the adoption rate should have increased exponentially. In reality, MU Stage 2 produced disappointing results while small independent practices (less than five physicians) tend to be slow in adoption [5, 10] .
EHR is systematized collection of patient and population health information in a digital format. These records can be shared across different health care settings. As of July 2016, 175 health IT vendors supplied certified EHR products to 4,474 (4567 in 2016) hospitals participating in the Centers for Medicare and Medicaid Services (CMS) EHR Incentive Programs. CMS is a federal agency within the United States Department of Health and Human Services that administers the Medicare program and works in partnership with state governments to administer Medicaid. Also, CMS's responsibilities include the administrative simplification standards from the Health Insurance Portability and Accountability Act of 1996 (HIPAA), and other quality standards, such as long-term care facilities (nursing homes), clinical laboratory, and oversight of HealthCare.gov [28] . The key features of the current EHR system are embodied in the Software as a Service (SaaS) platform including on premise, charting, labs and imaging, patient portal, e-prescription, workflow automation, appointment scheduling and mobile accessibility [2] . In other words, SaaS is so-called "on-demand" software that clients may pick and choose what is needed in the line of business. In recent years, "revenue management" seems to have taken the essential role in the EHR as companies like Cerner, MEDITECH, Epic, Evident, McKesson, and MEDHOST Systems take nearly 92% market share of primary certified EHRs for participating hospitals [22] . Within the CMS HER Incentive program, 337, 432 (490,575 in 2016) health care participating providers, Epic Systems, Allscripts, eClinicalWorks, Athenahealth, and NextGen Healthcare, comprise over 60% market share of primary certified EHRs for participating professionals [23] . Epic Systems offer to 30% of all those participating providers in the Incentive Program.
For most small medical practices, the set-up costs of adopting new or updating the Electronic Health Records (EHR) systems are high. So high, those practices rather take the possible penalty for noncompliance to the MU program. On average, one small medical center with five physicians (50 to 70 patients from each physician per day) and their EHR system costs around US$23,000 each month [12] . Whenever the government requires some new standards and changes, it adds on to the existing system with additional costs on the module(s) chosen. The investment in an EHR system may not be justified based on a return on performance incentive for the independent or small clinical practices. Noncompliance can cause a practice to lose up to 10% of Medicare Part B reimbursements [19] .
Hoffman [10] stated the complexity and cost of developing, implementing, and managing the technology meant that American health-care providers-most of whom work in small practices with fewer than five physicians-found little reason to adopt it [10] .
Considering change-over implementation, costs, training and end-users' involvement, plenty of the medical centers plan to continue to use old systems as long as possible. Older systems, such as Cerner, have been slowly updated if at all. Lots of hospitals still use the inundated version of Cerner or other legacy EHRs. For example, TL is affiliated with a major hospital, and several satellite medical centers and physician's offices continue to use Cerner after more than ten years due to change costs and time. The front-line providers (i.e., physicians, nurses, specialists, lab, imaging and other technical, clerical and operations staff) must understand EHR protocol and hopefully, utilize it to enhance their tasks at hand [11] . All the changes, including professional development about "updated" of EHR system, changing workflow disruptions and interoperability problems [30] , require resources.
Currently, medical service providers who cannot afford upgrade costs must wait a little longer while managing their practices. TL is such a case. In this project, the authors try to define the logistic requirements of TL and the needs an electronic form for an information management system. For example, automate processes and eliminate waste. Besides the EHR software, the goal of this project is to improve web-based logistics and reporting system while maintaining HIPAA compliant controls.
Literature review
The value of EHR can be divided into productivity and value produced. The maximum productivity that EHR can achieve within an interval of time is a function of effectiveness, efficiency, and flexibility [27] where the relationship between EHR effectiveness and efficiency is mediated by flexibility. EHR value would be based on the accumulation of digitized patient data but moderated by EHR input, cost and labor hours to obtain these data [27] . The EHR productivity is highly relevant to both process management and meaningful use of EHR. Productivity is not a linear function over time. As the useful life of an EHR system diminishes, the costs and labor to maintain the system increase exponentially. Multiple modules of EHR system replacement become too expensive, the hospitals and affiliated medical centers must work around the system and adapt to get the job done. Webster and Copenhaver [27] used the framework of the closed-looped control system to conceptualize business process management protocols that increase the effectiveness and efficiency of an EHR system. From the Table 1 , the service-oriented architecture (SOA) applies to this case: pick and choose, then configure and customize. SOA complements with SaaS, loosely couples with different modules that are required in business processes and operations.
A high-quality interface is necessary, Swanson and Lind [26] specifically indicated "Different practices and healthcare facilities have different processes, so a system may test well in one context and poorly in another (p. 57)."
With eight challenges in implementing and usability testing, they support "summative tests" that are comparable and meaningful across different context and systems. In one case [7] , Healthcare.gov failed because the scope of the project is far more complex than expected and then rushed to completion without enough of an implementation planning and testing. Simply put, summative testing would prevent the disastrous outcome from the Canadian based consulting firm responsible for Healthcare.gov [7] . Further, the interfaces of EHR must be clinically relevant and realistic so that practitioners can understand its use and relationship to their work. The modernize enterprise EHR is more of an interdisciplinary workflow system than a standalone data recording tool [11] . Starting 2011, Usability Evaluation Protocol (UEP) by National Institute of Standards and Technology (NIST) sought to standardize summative usability testing for all EHR products with the goal of increasing patient safety and reducing errors [20, 26] .
Standardized technology provides some stability to user's acceptance while maintaining certain quality control. On the other hand, the standardization can become a cumbersome compliance issue. A dynamic interface between users and information systems is necessary but the methodology to achieve a userfriendly information system can be a difficult goal to achieve and measure. Khare et al. [14] proposed a user interface to provide flexible Electronic Health Record (fEHR) system, which allows clinicians to build new templates/forms for data collection over an existing EHR. The system automatically translates the forms to underlying databases while shielding the user from need-to-know technical details. The fEHR corrects the rigidity of current EHR system and provides a personalized interface for each medical practices. This interface transforms the structured database into customized forms. The fEHR system is form-based in two ways: collecting the clinicians' requirements to extend of the database; transforming the information from the filled form in the reflection of clinicians' needs to the database. Holden and Davidson [11] questioned the efficacy of MU program and some possible unintended consequences. They also stressed the possible detrimental effects on small practices (i.e., primary care and rural practices) that "continue to face high barriers" to the EHR adoption and assimilation. The barriers may differ from each organization size, its type, practice locations, and resources (e.g., financial, staff, and IT support). Such small practices may be most affected by the lack of qualified health IT support services is one of the targets that was identified in the article by Blumenthal [2] .
Barriers in Implementing HER
Interoperability can be an enormous barrier while implementing and assimilating the "new" EHR system. Most EHR systems are NOT communicative with each other [12] . Sometimes, even within the same system between organizations or practices in different adoption period will have interoperability problems (e.g., the legacy vs. updated). HIPPA restrictions, which minimize data sharing, may create interoperability issues -especially with patient data. Blackman [1] has proposed a plan to achieve interoperability through a technical fix within different EHR systems. One known medical group which houses more than 20 physicians, 200 employees, and various practices, uses GE Centricity for the medical practices, e-ClinicalWorks for revenue management, and a third party system to manage patient check-in [12] . This medical group needs its own IT staff for channeling communication and local troubleshooting while an outsourced IT company does the needed "heavy lifting" to achieve interoperability. Interoperable systems are only useful when they function as expected. In reviewing 86 journal publications regarding electronic medical records adoption, Ludwick and Doucette [18] indicated "socio-technical" factors that influence health information systems deployment greatly. The sociotechnical factors entice the interactions between technical and social features that further stress the importance of "people" factor.
Data interoperability between health systems is critical to providing efficient patient care to improve the accuracy of diagnoses, reduction in duplicated tests, minimize readmission, and prevent medication errors [8] . One of the major causes of electronic health information interoperability issues is the heterogeneity of clinical data sources that operate on the foundation of data standard models restricting the exchange of data to external domains [9] . The functional specification of the design will capture the flow of data from the EHR systems (data input) to the clinical repository (transformed data output). The process design specification will demonstrate the flow of data from the EHRs to the integration engine to the mapping and translation model [1] .
A couple of studies focused on the logistics process with EHR using Web Ontology LanguageDescription Logic (OWL-DL) [13, 16] . Jing et al. [13] intended to establish a standardized prototype to manage customized information from the information exchanges using manual and automatic methods. Their project developed the integration of customized information based on existing patient record and individual patient characteristics. From Landry and Philippe's [16] project, all information from EHR, and the customized information from the knowledge base were displayed automatically via the EHR interface. The EHR interface was a combination of front-end interfaces, back-end tables associated with EHR. Qureshi and Noteboom [25] focused on offering physicians the best available evidence about the most effective treatment for their patients. A combination of data from tests and biomedical databases on a condition is crucial for any medical treatment [25] . Providing the lab results in a timely fashion is one instrumental link in evidence-based treatment. TL intends to keep up with time-pressured tasks with their clients. In this case, if TL can manage its lab in further details, such as scheduling the pathologists, nurses and lab technicians, that can streamline their workflows in processing lab requests.
This research lies in the design of a systematic approach to the motivation of the process manager who allows radical performance improvement via two IT prototypes and redesigned processes to increase competitiveness. This research focuses on the development of a logistic/reporting system around the existing EHR system in a pathology lab. A systematic method is used to collect requirements, workflow and business processes.
With these research focuses, this manuscript is organized in the followings: use case, collected requirements, workflow redesign, implementation and a conclusion.
Page 3113
Use case
TL is a sub-specialty anatomic pathology lab in a southern United States city (population 250,000). TL specializes in Cytopathology, Dermatopathology, Forensic Pathology, G.I. & Liver Pathology, Hematopathology, Molecular Genetic Pathology, and Oncological Pathology servicing hospitals with more than 300 beds and 4,500 employees. In addition, TL is contracted to regional medical centers, physicians' offices, Forensic Center and coroner's office. Each year, TL has 20,000 to 22,000 cases of tissues processing and 40,000 cases of Cytology for OBGYN. Several hospitals in the network require TL adopting EHR system to improve communication. While being compliant to the contracted services, TL can neither track specimens nor generate specimen reports over any time frame (daily, weekly or monthly). The greatest concern is missing specimen incidents leading toward TL's inability to keep a 24 to 48-hour turnaround promise.
With the current system, compiling timely information is inefficient or not possible. If there is a need for a report, a request sent from the IT department of the contracted hospitals can take from seven to fourteen days. However, if the report generated in the TL, it would have taken the head nurse 45 minutes to query and another 2 hours to generate the report of a one-week period, but it may not come out as exactly needed by the manager to make a decision.
"Tissue Examination Request" form is crucial and must be matched with specimens, testing, and diagnosis every step of the way. Any "missing" specimens or forms triggers a process to go back to "find missing specimen" (in Figure 1) to double check all pathology lab forms and trace back to the ordering doctor's office.
Compiling information is labor intensive and slow. If there is a need for a missing specimen report, the flow from the IT department to the contracted hospitals takes from seven to fourteen days. However, if the report generated via HER in TL, it would take the head nurse 45 minutes to query and another 2 hours to produce the report of a one-week period but may not come out exactly as needed by the manager to make a decision.
The basic workflow (see Figure 1 ) starts with physicians' orders from surgical/hospitals/medical centers. Ordering facilities send samples to receiving labs where technicians run requested tests on the samples. Pathologists make diagnoses on the tests results. Then, lab nurses type in diagnoses to the EHR database and reports are sent back to the ordering physicians' offices.
Data collections
The research teams had a kickoff meeting and four site-visits to TL: (1) the first site visit concentrated on the requirements and expected acceptance criterions for this TL projects, two parts were identified: one was the interface for data inputs and outputs, the other was the data reporting function. (2) the first to second site visits included observations of the process of receiving specimens, analyzing and reporting the results to the EHR system. The focuses were the role of EHR, the speed, and function of the data processing in the EHR systems. (3) The third visit was for fine tuning and collecting ideas for improvement in the application design. (4) The last visit was to deliver the final product and the specific step-by-step redesigned processes. The research team also visited the third party technology firm which handled TL's IT needs to coordinate the networking and data dump issues. Besides observations and site visits, the research teams also conducted in-depth interviews with the office manager, medical consultant, head nurse, lab technician and pathologies to collect the requirements of the redesigned system. Each visit and interview took place from 60 minutes to 90 minutes during September to November 2016. Between meetings and visits, there were some short meetings for verifications and clarifications. 
Collected Requirements
TL's basic requirements are to view/update records and make/print reports as necessary. The electronic submission of "Tissue Examination Request" form is to allow the medical center nurses to input patient and specimen information into the form, which when submitted, is stored in the database. More detailed requirements such as:
1. Unique patient identifiers to establish the database correlated to multiple incoming specimens from their corresponding patient(s) and ordering physicians. 2. More details/fields to describe patient, specimen, ordering physicians, ordering facility, along with TL's results/prognoses. 3. Check boxes tracking the specimen in each process/step, serve as matching points to correct information, and preventing misplaced specimens through the process. 4. Reporting function to gain knowledge of the workflow quantity.
In Table 2 , there are distinct differences in cycle time after the redesign of the logistic system of TLthe cycle time reduced from 690 minutes to 258 minutes. The principal reductions of cycle time include removal of form generation, waiting for the courier, and finding missing specimens.
Insert Table 2 . As-is and can-be cycle time Regarding reporting system, the requirements are to display all of the patient information, the doctor's initial diagnosis as well as the results from the lab test whenever and whichever range of time needed. As indicated, the EHR system takes a long away from the nurse who needs to do additional biological testing instead of waiting 2 to 3 hours to generate a report. In conjunction of file pathology labs electronically, the reporting system is an add-on for the decision-making process regarding scheduling of lab attendants, runners, and pathologists.
The objectives of the reporting systems are as follows: Figure 2 shows the functional activity flowchart after the implementation of the paperless tissue examination request system. The doctor's nurse can now enter all information electronically reducing repeated transcription. In doing so, TL nurses have all information needed ahead of time and to view what and how many specimens to expect for the day. This preview can manage schedules, reduce time and waste. When the specimens arrive, TL nurse can now print labels that match the specimens, instead of having to check each request on paper. Once everything is correct, TL nurses can process the request, and edit the existing information in the database. This information will then transfer to the EHR system. The major changes between as-is and can-be processes are the removal of form generations, waiting for the courier, and finding missing specimens. These changes reduce the cycle time by 432 minutes. This workaround mainly redesigns by an add-in web-based method for building the database at the point of requesting lab service(s). From digital footprint, it is more efficient to match specimens and more effective to locate missing specimens. Therefore, the office manager can know the quantity of incoming lab services and schedule accordingly.
Workflow redesign
Insert Figure 2 . Can-Be logistics process of testing in TL An interoperable system allows the information to flow from input to the ordering and even the scheduling of employees. As the TL nurse inputs the diagnosis results in the EHR system it can be viewed by the ordering physicians in addition to the paper form of pathologist's diagnosis. However, the EHR system security limits the necessary exchange information, diagnosis, and patients' data but nothing further. Retrieving the information about how many specimens have been processed and which physician orders tests more often than the others would be cumbersome. Without up-to-date information, the manager has a difficult task to forecast the upcoming strategic planning.
To help TL make more strategic decisions on the specimen reports, a dashboard design is created over the existing Health Level 7 (HL7) files. HL7 refers a model for Open Systems Interconnection (OSI) -specifically for moving clinical and administrative information [21] . While this standard has largely been superseded, the current documents can be accessed in a less than efficient manner. The needed workaround is first to extract data from the HL7 files and into a database. This database is then, connected to a front end of the EHR, anyone with access right would be able to manipulate the data in creating reports and assessments as desired. The result would be a better user interface that works effectively in multiple departments.
Implementations
The implementation plan for the logistics system. The nurse in the operating room of the medical center will enter the patient and specimen information into the form designed with PHP. The form will be connected to the TL EHR database. Once the data is submitted, it is stored in the EHR database. The TL employees, who are the end users, can access and view the data that is submitted by requesting medical center nurse(s). TL employees or superusers will also be able to update or modify the receiving/processing/traveling Page 3115 specimen information. They will be able to generate a report whenever they need to view the incoming specimen samples. A new web interface will be used to access specimen and patient information. All information will be stored on the TL' private server (instead of the centralized database in the contracted hospital) with HL7 transformation to MySQL data dump. The website design is simple and easy for employees to use, update, and view information and generate reports.
Logistic system
For the implementation, a database and web server will be hosted using TL local machine (or a third-party cloud services), which will help maintain HIPAA-compliant regulations. TL uses an Apache server and MySQL database. The local testing environment consisted of a XAMPP client running PHP 5.5. XAMPP is easy to install, a reliable transition to the live version runs on PHP environment.
Programming languages & tools used in this logistics system are as follows: 1. HTML, CSS, Javascript -Web languages; 2. Bootstrap -Web framework for site layout and styling; 3. jQuery -Javascript library used by Bootstrap; 4. PHP -Scripting language for backend processing; 5. MySQL -Database; 6. PDO -PHP extension for connecting to databases; 7. Apache -Locally hosted development server Table 2 illustrates the different cycle times between the 'as-is' (615 minutes) and the 'canbe' (275 minutes) processes. The 'can-be' processes (bold type) will save TL a total of 340 minutes or almost 6 hours for each transitional specimen with the redesign. The new design reduces a significant amount of wait time, especially in the form storage, courier wait and specimen location.
Insert Table 2 . Cycle time in as-is & can-be
Reporting system
The report generation begins with the requesting physician order which the patient information was entered and followed by pathologist's diagnosis, physician's decision into EHR system. The EHR data is a digital format accessible to corresponding doctors and labs. For an easy reporting system, the HL7 will be converted into a Comma Separated Value (CSV) file and stored into TL's separate directory.
Programming languages & tools used in this reporting system are as follows. 1. Apache: Primary server software… used to host all web requests from front to backend; 2. MySQL: storage of data; 3. Phpmyadmin: GUI used to manage backend database and authentication; 4. Java: Used for database parser; 5. HTML: Used to manage visual flow of webpage; 6. PHP: The functions and variable assignments were written within the PHP files, and the majority of variables were formed from the MySQLi statements within the PHP code; 7. MySQLi: Statements used to pull and populate requested data from the SQL database were written within MySQL statements; 8. CSS: Language used to change the visual output of our webpages; 9. FileZilla: open source file management system used to interact with our PC's and the TL file servers; 10. SonicWALL VPN Client: used to establish our VPN connection across to the TL network. During developing reporting system from the HL7, the conversion from HL7 to CSV is cumbersome. The page break of each patient in HL7 is the issue. Parsing the patient data took three arrays to automate the separation of the patient data. The cycle time to generate the report is in real time rather than waiting the IT department to pull the query in the EHR system. The saving wait time is about 7 to 14 days depending on the complexity and urgency of the queries. The detailed patient data displaced in the front end interfaces which are the result of searching and compilation from the search results queried through the SQL database.
The database includes all patients, attending/ordering physicians, and pathologist information that were listed in the EHR system in HL7 format. These four tables in the Entity-Relationship diagram (ERD; in Figure 3 ) are linked through the report table which can be generated. The physicians and pathologist all have automated incrementing primary keys. Each time a new physician or pathologist is entered, a column for the newly entered name will be added to the table and given an ID to be referenced in the report table. On the contrast, each patient has a specific account number, so we chose that element as the patient's primary key. As for the Report table attributes, the Accession Number on the top of Page 3116 each HL7 file will serve as the primary key. Once the data is extracted from the HL7 files, queries can be made to generate reports on the spot rather waiting for up to 14 days from the centralized IT department from the hospital. In this ER diagram (Figure 3) , the primary keys, attending physicians order (APO), pathologist account (PATHOD), patient account (Account), and ordering physician order (OPD) serve as foreign keys in the report (AccessNO).
Conclusion
This manuscript focuses on the workaround EHR system to improve daily operations in TL. Without changes the legacy system would run out of its useful life.
To control upgrade costs, a workaround of the inundated EHR system becomes the choice to streamline business processes in TL.
The proposed changes offer a new interface that dramatically increases ease of use for all constituents while protecting patient privacy. Moreover, a new interface will stand between the disparate systems providing interoperability. Finally, the new system will allow TL to track individual specimens and overall trends allowing a data driven approach to lab management. There is reason to believe that the changes will help TL, its staff, ordering doctors, and patients as well.
The logistics and reporting system is a good attempt to work around the existing inundated EHR system. As in any business process management, there are always rooms for improvements. A retrospecitive analysis, this project focuses on the lean development to reduce waste of time, costs and labor. The impact of which improves the financial results indirectly realized through non-financial operations [24] . That being said, business processes should be monitored, benchmarked and continuously improved. As the project to moves forward, few recommendations should be followed. 1. The current logistics system is designed only to work with one of the surgical centers. With an expectation, the prototype would be tested and expanded one by one until all of TL's affiliations being set up with the standardized system. 2. The back end system needs to be fine-tuned and fully connected. This will ensure that the data is correctly parsed and maintain the data integrity while generating the report. It requires testing before full implementation. 3. The project should not end until the workaround systems can connect, extract, transform, and load (ETL) from EHR system to a private server. This is the best solution which may linger for most of small to medium medical practices until better solutions come along. If there is continuous improvement, then, the business process should be monitored and benchmarked with some standard key performance index [15] . Physician tools E-prescribing  85  85  100  85  85  85  85  85  100  85  Medication tracking  85  85  70  70  70  85  85  85  0  70  CPOE  85  85  70  70  70  85  70  85  0  70  ICD-10 Support  100  100  100  100  100  100  100  100  100  100  ONC-ATCB  100  100  100  100  100  100  100  100  100 
